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The histologic diagnosis of cutaneous lymphoid lesions
remains one of the most challenging areas of dermato-
pathology and is augmented by incorporation of im-
munophenotypic and genotypic data. To improve the
analysis of surface Ig light chain expression and to in-
crease the yield of immunophenotypic data obtained
from skin biopsies, we evaluated the utility of £ow cy-
tometry in cutaneous lymphoid in¢ltrates. Flow cyto-
metric immunophenotypic analyses were performed
on skin specimens of 19 patients as a part of diagnostic
procedures. We found that skin biopsy specimens, in-
cluding a routine punch biopsy, yield su⁄cient material
for diagnostic £ow cytometry. One reactive lymphoid
hyperplasia showed polyclonal B cells and no aberrant
T cell populations. Ig light chain restriction was de-
tected by £ow cytometry and contributed to the diag-
nosis in 88% (15 of 17) of cutaneous primary or
secondary B cell lymphomas, compared to 37% (three
of eight) by immunohistochemistry. Nearly one-third
of these cases were histologically suspicious but di⁄cult
lesions due to processing artifact, mixed cellular in¢l-
trate, or paucity of abnormal cells. Additional markers
(3^23) were analyzed by £ow cytometry on 15 spe-
cimens, and contributed to subclassi¢cation of the
lymphomas. Our experience demonstrates that £ow
cytometry can be successfully applied to routine skin
biopsies and contributes to the diagnosis and subclassi-
¢cation of cutaneous lymphoid lesions. Key words: £ow
cytometry/lymphomas/skin. J Invest Dermatol 121:1522 ^
1530, 2003
T
he diagnosis of cutaneous lymphoid lesions is one of
the most challenging areas of dermatopathology.
Prior to the introduction of immunohistochemical
(IHC) and molecular studies, di¡erentiation between
reactive and neoplastic cutaneous lymphoprolifera-
tive processes relied predominantly on morphology. It is well ac-
cepted now that no single histologic criterion can be used to
reliably discriminate between reactive and neoplastic lymphoid
in¢ltrates (LeBoit et al, 1994; Rijlaarsdam and Willemze, 1994;
Duncan and LeBoit, 1997). Demonstration of monotypic Ig light
chain expression by IHC stains and detection of Ig gene rearran-
gements by molecular analyses are important diagnostic criteria
to help di¡erentiate between reactive and neoplastic B cell prolif-
eration (Rijlaarsdam andWillemze, 1994; Grange et al, 2002).
Flow cytometry has been widely used in pathology labora-
tories for a rapid determination of clonal B cell proliferation and
has provided several analytic advantages. Its ability to simulta-
neously measure the binding of multiple £uorochrome-labeled
probes allows quantitative analyses of surface and/or cytoplasmic
Ig expression by B cells. Not only can the method detect over-
abundance of k- or l-expressing B cells, it can also identify
abnormal populations of B cells with negative surface Ig or
aberrantly low levels of surface Ig (Carey, 2001; Leith and Will-
man, 2001). In contrast, IHC analysis of Ig light chain expression
on routinely processed, formalin-¢xed, and para⁄n-embedded
tissues is most suitable for an interpretation of the cytoplasmic
staining in plasma and plasmacytoid cells. Determination of
membranous Ig light chain staining can be very di⁄cult, partly
due to the background staining of ubiquitous Ig in the dermal
interstitial collagens (Bergman et al, 2001; de Leval et al, 2001).
Flow cytometry can provide rapid, sensitive, and quantitative
analyses of multiple cell surface or cytoplasmic antigens, at the
same time measuring multiple physical properties of a cell, in-
cluding cell size and cytoplasmic granularity. Therefore it is able
to selectively analyze a subpopulation of cells in a heterogeneous
population. This analytic advantage should aid in the studies of
early cutaneous B cell lymphomas (CBCL) and cutaneous
T-cell-rich B cell lymphomas that often have scanty neoplastic
B cells in a heavy in¢ltrate of T cells, as well as cutaneous lym-
phomas that contain mixed populations of germinal centers,
background benign B cells, reactive T cells, eosinophils, and even
histiocytes. In general, the panels of antibodies available for £ow
cytometry are larger than the markers that can be used satisfacto-
rily for IHC stains on routinely processed, formalin-¢xed, and
para⁄n-embedded tissues.The availability of three- and four-col-
or £ow cytometers allows a larger panel of antibodies to be ex-
amined on a given number of cells. The higher speed of analysis
allows for faster turnaround time. Furthermore, the data output
may have greater objectivity (Leith andWillman, 2001).
In this study, we evaluated the utility of £ow cytometry as
a part of the diagnostic tests on skin biopsies of patients
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with cutaneous lymphoid in¢ltrates. We found that a routine
punch biopsy yielded su⁄cient material for selected panels of
immunophenotypic markers. In the great majority of cases £ow
cytometry data facilitated the ¢nal diagnosis.
MATERIALS AND METHODS
Selection of cases A total of 19 cases of cutaneous lymphoid in¢ltrates
were prospectively evaluated for diagnostic purposes by the Flow
Cytometry Laboratory of Fox Chase Cancer Center from 1996 to 2003.
Six cases were submitted by referring physicians from 1996 to 2000.
Thirteen patients were evaluated and biopsied for suspicion of lymphomas
from 2000 to 2003. For classi¢cation, primary cutaneous lymphoma was
de¢ned by the presence of cutaneous tumor(s) without evidence of
systemic involvement within 6 mo of the initial diagnosis. Complete
staging included a physical examination, complete blood cell count, lactic
dehydrogenase levels, chest radiograph and/or computerized tomography,
abdominal and pelvic computerized tomography, and bone marrow biopsy.
Histology and immunohistochemistry Hematoxylin and eosin
stained histologic sections were evaluated for distribution of the in¢ltrate
and cytologic features. IHC stains were performed on formalin-¢xed,
para⁄n-embedded tissue sections after depara⁄nization through various
grades of alcohol solution. For antigen retrieval, the slides were steamed
in 1 mmol per L citrate bu¡er (pH, 6.0) or microwaved in ethylenedi-
amine tetraacetic acid or citrate bu¡ers, according to the standard protocol
of the laboratory. Antibodies used included CD3, CD8, CD7, CD10, CD20,
CD21, CD30, CD43, CD45, CD79a, Bcl2, Bcl6, k and l light chains (Dako,
Carpinteria, CA), CD4, CD7, CD10, and CD23 (Novacastra/Vector,
Burlingame, CA). The antibodies were used according to the manufact-
urer’s recommended reaction conditions. The primary antibody was detected
using secondary antimouse or antirabbit antibody (Vector Laboratory) and
ABC techniques following the manufacturer’s recommendation. All of the
stains were performed onTechmate 1000 (Ventana Medical,Tuscan, AZ).
Flow cytometry analysis For excisional biopsies, a portion of fresh
tissue submitted for pathology was procured and stored in RPMI
solution (Mediatech, Herndon, VA). For punch biopsies, one-fourth, one-
third, or one-half of a 6 mm skin punch biopsy, or one-half or an entire
4 mm skin punch biopsy was transported on ice or in RPMI solution
to the surgical pathology department. Cells were obtained by mechanical
mincing. The tissue was combined with 1 mL of Dulbecco’s phosphate-
bu¡ered saline (PBS) (Mediatech), and gently ground several times in a
tissue grinder (Closed Tissue Grinder System, Allegiance, McGawPark,
IL). The mixture was then ¢ltered through a 105 mm Polyester Mesh
(Small Parts, Miami Lakes, IL). The cells in the ¢ltrate were washed once
with 1% Hanks’ balanced salt solution containing 1% bovine serum
albumin (Invitrogen/Life Technologies Gibco BRL, Carlsbad, CA). The
viability and concentration of the cells were determined by staining 20 mL
of the sample with Trypan Blue solution (Sigma, St Louis, MO).
For specimens with less than 90% viability, dead cell exclusion was
performed using 7-amino-actinomycin D (Schmid et al, 1992). A single
cell suspension was prepared in Hanks’ balanced salt solution with 1%
bovine serum albumin to a concentration of 50,000^500,000 cells per tube
(100 mL aliquot), depending on the yield of the cells. The cells were
incubated with £uorescein isothiocyanate (FITC), phycoerythrin (PE), or
PerCP conjugated antibodies for 20 min in a covered ice bath, followed
by washing in PBS with 1% azide. The £uorescence was measured with a
three-color £ow cytometer (FACScan, Becton-Dickinson, Franklin Lakes,
NJ) for most cases. For several cases, a four-color £ow cytometer
(FACSCalibur, Becton-Dickinson) was used. The additional £uorochrome
was APC. The antibodies used included T-cell-associated antigens CD2,
CD3, CD4, CD5, CD7, CD8, abT cell receptor (TCR), and gd TCR; B-
cell-associated antigens CD19, CD20, CD10, CD22, CD79a; B-cell-subset-
associated antigens CD23 and FMC7; natural-killer-associated antigen
CD56, and activation-associated antigen CD38 (also plasma cells). All
antibodies were from Becton-Dickinson, except CD79a from Serotec, k
and l light chains from Dako, and the TCR subset from Caltag
Laboratory (Burlingame, CA). Intracytoplasmic Ig was analyzed after
permeabilization using Fix & Perm Cell Permeabilization Kit (Caltag
Laboratory) following the manufacturer’s recommendations. After
examination of the forward and side scatter, cells within the lymphocyte
gate, excluding the granulocytes and monocytes, were analyzed. If the
cells were morphologically mixed with small and large cells, both sizes
were gated and analyzed separately (Young et al, 1997).
Molecular analysis Immunoglobulin heavy chain (IgH), t(14, 18), or
TCR-g chain gene rearrangement studies were performed on DNA
extracted from fresh tissue or tissue sections obtained from formalin-¢xed,
para⁄n-embedded blocks by standard methods (Luo et al, 2001). PCR
ampli¢cation of the IgH gene was performed using primer sequences from
conserved regions of the variable (VH) framework III and joining (JH)
regions of the IgH gene. PCR products were analyzed by polyacrylamide
gel electrophoresis. PCR ampli¢cation of the TCR-g gene was performed
in two multiplex reactions to cover all possible Vg and Jg combinations.
The PCR products were separated and analyzed by capillary electrophoresis
on an ABI 310 analyzer (Luo et al, 2001). t(14, 18) translocation in genomic
DNAwas detected by PCR ampli¢cation using primer sequences from the
bcl2 gene on chromosome 18 at the major breakpoint cluster region (MBR)
or the minor breakpoint cluster region (mcr) combined with an IgH (JH)
consensus sequence primer on chromosome 14, and the PCR product was
separated by agarose gel electrophoresis.
RESULTS
Clinical features As summarized inTable I, there were 11males
and eight females, with an age range of 20^89 y (mean 60, median
54). All patients presented with solitary, regional, or generalized
skin lesions. Twelve patients had lesion(s) limited to one anatomic
site. Another seven patients had lesions distributed in more than
one anatomic site. The most common lesions were cutaneous
or subcutaneous nodules or cutaneous plaque(s) (Fig 1). Eight
patients (nos. 1^7, 18) had resolution of the lesions after treatment
or diseases limited to the skin during the follow-up period. One
patient who had a history of recurrent skin lesions over the years
subsequently developed systemic lymphadenopathy (no. 8). Five
patients (nos. 9^12, 17) had histories of systemic lymphomas and
presented with skin lesion(s) (Table I).
Figure1. Multiple erythematous nodules and papules were present
on the upper extremities (case 6).
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Histologic and IHC features Histologically, most cases
showed a dense lymphoid in¢ltrate in the dermis, some with
extension into the subcutis (Table II). The lymphoid in¢ltrate
was separated from the overlying epidermis by a grenz zone
in 18 cases. In one case, the in¢ltrate abutted the epidermis
without epidermotropism. Most of the in¢ltrates were present
in both the super¢cial and deep dermis (12 cases). A bottom-
heavy distribution was seen in ¢ve cases. The least common top-
heavy pattern was seen in only two cases.The general architecture
of the in¢ltrate was di¡use in 11 cases, nodular in ¢ve cases,
and a combination of di¡use and nodular in three cases. In two
cases the in¢ltrate also showed a predilection for vascular plexuses
and skin adnexal structures. Destruction of the arrector pili
muscle was seen in three cases. Subcutaneous extension was
seen in eight cases. The cellular compositions were predomi-
nantly large cells in seven cases, three of which also showed
admixed small cells; small cells in four cases; small to medium
sized cells in two cases; medium to large cells in two cases;
predominantly plasma and plasmacytoid cells in one case. Two
other cases showed small foci of atypical, large cells in a
background of abundant small cells. One case showed a
heterogeneous population of cells. In addition, signi¢cant crush
artifact was also present in two cases.
IHC stains showed that in 17 cases the predominant cells or
atypical cells were of B cell origin (Table II). IHC stains for Ig
light chains were performed in eight cases, ¢ve of which were
noncontributory. Monotypic light chain expression was
demonstrated in plasma and plasmacytoid cells in two cases
(nos. 1, 5) and in atypical lymphocytes in the third case (no. 12)
(three of eight, 37%). In one case (no. 19) IHC stains showed
that the predominant and atypical cells were of T cell lineage. In
one case (no. 18) a heterogeneous in¢ltrate was composed of both
T and B cells, with a relative predominance of T cells. Based on
the histology and IHC ¢ndings, 12 cases appeared to be
diagnostic of B cell lymphomas (nos. 1, 3, 5, 7, 10^17) and one T
cell lymphoma (no. 19). Five cases were suspicious of lymphomas
(nos. 2, 4, 6, 8, 9); however, a de¢nitive diagnosis was com-
promised by crush artifact, mixed cellularity, paucity of atypical
cells, or scant diagnostic material. In one case (no. 18) the ¢nd-
ings were inconclusive due to a heterogeneous population of
T and B cells.
Flow cytometry For £ow cytometry, the cells were derived
from a portion of or an entire skin punch biopsy in 12 cases
(nos. 1^9, 12, 18, 19). In general, the specimen was transported in
cold RPMI medium to the laboratory either within the same day
or after storage at 41C in RPMI overnight. The yield ranged
from 50,000 to 3.0 million cells (average 736,667 cells, median
400,000 cells). The viability ranged from 25% to 99% (average
64%, median 65%). All cases had at least enough material for
analysis of three antibodies. The antibodies analyzed on these
cases ranged from three to 24 (average nine antibodies). In
comparison, all six excisional biopsies yielded at least 1 million
cells, with £ow cytometry panels that used 9^26 antibodies. One
half of a 4 or 6 mm skin punch biopsy is su⁄cient for a well-
selected antibody panel. Two cases using an entire 4 mm biopsy
yielded cells for an extended panel of 24 antibodies, comparable
to an excisional biopsy.
Flow cytometry in case 18 showed polyclonal B cells in gated
total, small, or large B cells. There was no evidence of an aberrant
T cell population. Molecular studies did not show clonal IgH or
TCR rearrangement. The lesion was diagnosed as reactive
lymphoid hyperplasia.
Flow cytometry demonstrated a clonal B cell proliferation in
15 of 17 cases (88%), including surface k or l light chain
restriction in 13 cases, absence of surface Ig in one case, and
cytoplasmic monotypic light chain in another case. In three of
these cases (nos. 3, 4, 6) the light chain restriction was only
apparent by selectively analyzing large-sized lymphocytes (Fig
2df ). Among the 15 cases, some cases appeared to be neoplastic14
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on histologic examination (Fig 2ac). Ig light chain restriction
demonstrated by £ow cytometry o¡ered additional support to
the diagnosis of lymphoma (Fig 2df ). In other cases, the
morphologic features were suspicious for a neoplastic process
(Fig 3a, b). Flow cytometry showed light chain restriction and
o¡ered substantial support for the diagnosis of lymphoma (Fig
3df ). In two cases (nos. 4, 9), hematoxylin and eosin stained
sections had crush artifact that rendered a de¢nitive histologic
evaluation somewhat di⁄cult (Fig 4a, b). The ¢nding of Ig light
chain restriction on £ow cytometry (Fig 4df ), in conjunction
with IHC results (Fig 4c), con¢rmed the diagnosis of a B cell
lymphoma. One case (no. 7) showed histologic features of
follicular large cell lymphoma. Although on £ow cytometry the
ratio of k and l light chain expressing B cells was not
signi¢cantly abnormal, the brightness of l light chain was
signi¢cantly higher by visual comparison and was con¢rmed
by a signi¢cant di¡erence shown by KolmogorovSmirnov
statistical test (Young, 1977). This observation supported the
morphologic impression of lymphoma. Case 5 did not have
enough cells for cytoplasmic Ig analysis, but monotypic Ig light
chain expression was shown by IHC stain. Overall, £ow
cytometry established Ig light chain restriction in all ¢ve cases
that were considered suspicious but not entirely diagnostic of
lymphoma. This enabled us to reach diagnoses in these cases. In
addition, £ow cytometry provided evidence of clonal B cell
proliferation in 10 cases, supporting the morphologic impression
of lymphoma (Table II).
Subclassi¢cation of the B cell lymphomas was established with
the aid of £ow cytometry on six of 10 punch biopsies and all six
excisional biopsies. For three other cases, the subclassi¢cation was
based on morphology and IHC analysis (Table II). The most
useful markers were CD5, CD10, and CD23. Incorporation of T
cell surface antigens in the antibody panels served to exclude the
possibility of an abnormal T cell population. As shown in Table
II, the B cell lymphomas were subclassi¢ed as eight CBCL
(three marginal zone, two large cell, two follicular large cell,
one follicular mixed small and large cell), ¢ve secondary
lymphomas (one marginal zone, one large cell, one follicular
large cell, one follicular small cell, one low grade not further
classi¢ed), and four cases unclassi¢ed as to primary or secondary
(one small lymphocytic, two large cell, one follicular small
cell).
The last case (no. 19) showed a dermal lymphoid tumor without
signi¢cant epidermotropism (Fig 5a). Flow cytometry demon-
strated a CD4þ , CD8 T cell population with an abnormal
immunophenotype (dim CD2, dim CD3, and negative CD7)
(Fig 5c, d ). This aberrant T cell population was especially
prominent in the gated large cell area. The ¢nding supported the
diagnosis of tumor stage mycosis fungoides, with large cell
transformation. Identi¢cation of this aberrant immunophenotype
Figure 2. Cutaneous follicular large cell lymphoma. In case 3, a punch biopsy showed a dense dermal lymphocytic in¢ltrate with nodular arrange-
ment (a). The in¢ltrate was composed of large atypical cells (b) that were CD20 positive on an IHC stain (c). Flow cytometry revealed an abnormal popula-
tion of B cells with dim l light chain expression (d, R2 indicated by red).When the large cells were gated for analysis (e), there was a predominance of l-
expressing cells ( f, R2 indicted by red). Scale bars: (a) 200 mm; (b), (c) 10 mm.
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also facilitated a subsequent examination of the patient’s peripheral
blood using £ow cytometry (data not shown).
Molecular studies Molecular studies showed IgH gene clonal
rearrangement in ¢ve of 10 cases (50%). t(14, 18) was not present
in ¢ve primary CBCL and two secondary skin lymphomas
analyzed (zero of seven), including three cases of cutaneous
follicular lymphomas.
DISCUSSION
Based on our review of the literature, this is the largest case series
devoted to the utilization of £ow cytometry in diagnosing cuta-
neous lymphoid lesions. One previous study reported three cases
of primary cutaneous T-cell-rich B cell lymphomas with £ow
cytometric ¢ndings (Dunphy and Nahass, 1999).
Flow cytometry has not been widely applied to cutaneous
lymphoid lesions previously, because it has not been well docu-
mented that su⁄cient viable single cell suspension could be reli-
ably prepared from a portion of a routine skin punch biopsy,
which is the most common material submitted from dermatol-
ogy clinics for assessing these types of lesions. We showed that
informative £ow cytometric data could be obtained from routine
punch biopsies.The viability of the cells, which greatly in£uences
the availability of the cells for analysis, is directly related to the
method of specimen transportation. Our results indicate that cold
RPMI medium is the preferred storage and transport medium.
The use of culture medium has also been documented in a £ow
cytometry study of FAS expression on cutaneous lesional cells of
mycosis fungoides (Dereure et al, 2001).When RPMI solution was
not available, we were able to obtain viable cells from specimens
transported on ice within several hours. Among the 12 skin
punch biopsies, however, specimens stored and transported in
cold RPMI solution had superior yield and viability of the cells.
Aliquots of RPMI solution can be easily stored in sterile tubes in
a refrigerator. Clinically, the skin lesions selected for £ow cyto-
metry in this study were in¢ltrative nodules. In general, the spe-
cimen suitable for £ow cytometric study contains a moderate to
dense lymphoid in¢ltrate.
One study has shown that the lack of adequate material
for £ow cytometry was the most common reason for judging a
Figure 3. Cutaneous marginal zone lymphoma. A punch biopsy (case 8) showed patches of lymphocytic in¢ltrate (a).The cells were medium sized and
monotonous (b). Most of the cells were CD20 positive on an IHC stain (c). Flow cytometry analysis gated on the small and medium sized lymphocytes (d )
showed a striking predominance of k positive CD19þ B cells (e, f ). Scale bars: (a) 200 mm; (b), (c) 10 mm.
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specimen as suggestive of lymphoma or nondiagnostic (Young
et al, 1997). When the available cells are limited, selection of
an appropriate antibody panel is important. For B cell lesions,
we used CD19 and k and l light chain as the essential anti-
bodies for establishing light chain restriction. Additional
antibodies useful for subclassi¢cation of lymphomas are CD5,
CD10, and CD23. Case 5 showed the importance of using histo-
pathology as a guide to the selection of the £ow cytometric anti-
body panel. The lesion morphologically showed plasmacytic
di¡erentiation, and analysis of cytoplasmic light chain expression
would most likely be informative. For specimens with viability
less than 80%^90%, it is important to perform dead cell exclu-
sion on all tubes analyzed to exclude nonspeci¢c staining. The
use of four-color £ow cytometry allows for analysis of more anti-
bodies on a relatively small number of cells.
IHC demonstration of surface Ig light chain in routinely ¢xed
sections can be di⁄cult, especially for cases without plasmacytic
di¡erentiation. Some studies advise against interpreting membra-
nous light chain stains (Bergman et al, 2001). Flow cytometry
clearly o¡ers an alternative method to analyze Ig light chain
expression for evidence of a clonal proliferation, by documenting
light chain restriction or lack of its expression. It also has the added
advantage that subpopulations of cells can be studied selectively,
therefore increasing the sensitivity. In three skin punch biopsies,
large atypical cells were mixed with a signi¢cant number of reac-
tiveTcells and small non-neoplastic B cells. Light chain restriction
was only established after gating on the large cells, whereas the to-
tal B cell population (small and large) was polyclonal. The earlier
report on cutaneous T-cell-rich B cell lymphomas documented a
similar experience (Dunphy and Nahass, 1999).
Information on the expression of common cell surface anti-
gen markers is important for the classi¢cation of lymphomas. In
case 1, monoclonality was clearly established by IHC stains. It
was di⁄cult to di¡erentiate plasma cells versus plasmacytoid
cells, however. The di¡erential diagnosis included cutaneous
plasmacytoma, cutaneous follicular lymphoid hyperplasia with
monotypic plasma cells, and low-grade marginal lymphoma
with plasmacytic di¡erentiation. Flow cytometry demonstrated
CD19 expression in the cells with cytoplasmic light chain restric-
tion, supporting the diagnosis of cutaneous marginal zone lym-
phoma with plasmacytic di¡erentiation. IHC staining techniques
have improved greatly in recent years with new methods for
retrieval of antigenic epitopes, sensitive detection systems, and
more antibodies that can be used on routinely ¢xed sections.
There are still a signi¢cant number of antibodies, however, that
are not available for formalin-¢xed tissues. Also, neoplastic cells
may express aberrantly low levels of surface antigen(s), which
further complicates characterization by IHC stains. In this study,
the detection by £ow cytometry of neoplastic populations with
aberrantly low levels of surface markers aided in the classi¢cation
of the lymphomas.
In summary, we showed that £ow cytometry could be success-
fully applied to routine skin biopsy specimens. The ability of
£ow cytometry for rapid, sensitive, and quantitative analysis
of cell surface and cytoplasmic antigens on selected cell popula-
tions and its ability to simultaneously measure several markers
in a given population enhance the detection of clonal B cell
proliferations, B cell immunophenotypes, and aberrant T cell
populations. Incorporation of £ow cytometry data facilitates
the diagnosis and subclassi¢cation of cutaneous B and T cell
lymphomas. In addition, £ow cytometers have the capability
to isolate (sort) selected populations of cells and can potentially
provide lymphoma cells for studies of gene and/or protein
expressions.
Figure 4. Cutaneous lymphoma with crush artifact on histologic sections. A punch biopsy (case 4) showed a lymphocytic in¢ltrate in the dermis,
with crush artifacts in many areas (a). In some areas, there appeared to be an increased number of large, atypical cells (b). A CD20 immunostain showed
increased numbers of CD20þ B cells (c). Flow cytometry analysis on the gated large lymphoid cells (d) revealed a predominance of k-expressing CD19þ
B cells over l-expressing B cells (e, f ). Scale bars: (a) 100 mm; (b), (c) 10 mm.
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